This aim of this study was to evaluate the lignification in young stems of the Lophanthera lactescens Ducke plant grown in vitro L. lactescens (Malpighiaceae), a species endemic in the Brazilian Amazon that possesses both medicinal properties and could be used in the forest product industry. Plants grown in vitro condition in MS medium were analyzed using Infrared (IR) microspectroscopy in a diffuse reflectance mode, fluorescence microscopy. Moreover, histochemical tests such as the Wiesner and Maüle test were run to monitor the process of lignification in cell walls. The spectra of IR microscopy recorded using cross section tissue are representative of guaiacyl/syringyl lignin, based on the 1336 and 1246 cm -1 signal. Individuals presenting stem sprains, resulting from the marked development, produced gelatinous fibers with a clear cellulose layer. Initially, fluorescence microscopy demonstrated lignin deposition in the cell corner region having progressive deposition in the secondary wall of tracheary elements of the stem.
Anatomy and lignification status of the Lophanthera lactescens Ducke plant grown in vitro

Introduction
This article deals with the study of lignification of the Lophanthera lactescens Ducke species, (Malpighiaceae family), native to the Brazilian Amazon. Commonly known as 'lanterneira' or 'gold chain tree', it has a straight trunk, a diameter ranging from 30 to 40 cm, and can grow to a height of 20 m (Paoli, 1997) .
The species has a prominent position amongst the Brazilian forest biodiversity due to its potential as lumber and for pharmaceutical use (Abreu et al., 1990) . The wood of this tree is moderately heavy, compact, has high natural durability, resistance and hardness (Trevisan, 2003) . Lophanthera lactescens is commonly adopted in the heavy construction industry such as: beams, ceilings, rafters and is used for cabinetwork and carpentry (Corrêa, 1926; Lorenzi, 1992) .
The process of lignification has been the subject of various scientific articles (Monties, 1989; Donaldson, 2001; Martone et al., 2009 ), identified as a fundamental building block in the evolutionary process of plants and land colonization. Plants have adapted to natural adversities, developing a vertical growth antagonizing gravity; structural resistance for water conduction; plague and disease resistance, etc. In this context, lignin has emerged, which is a remarkable substance with a threedimensional molecular structure formed by three basic units of phenylpropanoids: p-coumaryl alcohol, guaiacyl alcohol and sinapyl alcohol. This polymer binds to a multimolecular complex arranged by cellulose, hemicellulose and structural protein, each connected by cross-linking with other cell wall components (Abreu et al., 2009) . This compound has generated interest in Science and Economy for over 150 years (Saliba et al., 2001) . It has been detected in higher quantities in the secondary wall of fibers, vessels and tracheids, providing mechanical support and rigidity. It occurs, in a smaller amount, in the periderm, associated to suberin and acting as a barrier against pathogens (Browning, 1967; Guimarães et al., 2003) .
Lignification takes place in a latter differentiation stage of xylem cells, where lignin is deposited within the carbohydrate matrix of the cell wall, filling intercellular spaces. It begins in cell corners, in middle lamella and in S-layers, and continues towards the lumen (Donaldson, 2001) . It is variable among species, tissues, development stage and cell location. Several methodologies have been applied in lignification studies (Terashima and Fukushima, 1988; Donaldson, 2001; De Micco and Aronne, 2007) . The use of biotechnological tools has brought about new findings, especially those defining the in loco lignin formation (Morais et al., 2005) . The in vitro growth technique using culture media for germination allows for the physiological and nutritional effects of growth regulators and other chemical constituents related to the monolignol formation process in plants (Souza and Abreu, 2007) . The objective of this research was to identify the lignification process in the roots and the stem of Lophanthera lactescens grown in vitro, using a modern technique of infrared microscopy and fluorescence supported by anatomy analyses to be a woody plant for lignification study.
Material and Methods
The seeds for in vitro plant development of L. lactescens were collected at the University campus BR-465, km 7, Seropédica -RJ (22° 46' latitude and 43° 41' longitude). The species was identified and registered as nº (RBR 34066), located in the Herbarium of the Botany Department of Biology. The experiments were performed in two different laboratories, the Wood Biotechnology Laboratory, Department of Forest Products, Forestry Institute and the Plant Anatomy Laboratory, Department of Botany, both located at the Universidade Federal Rural do Rio de Janeiro.
In vitro germination of Lophanthera lactescens Ducke seeds
Lophanthera lactescens seeds were disinfected using a solution comprised of 2.5% sodium hypochlorite + 0.2 mL.L -1 of Tween 20 and 1% hydrogen peroxide, and then inoculated in MS medium (Murashige and Skoog, 1962) , containing 30 g.L -1 of sucrose and 7 g of Agar (Vetec ® ). The pH was adjusted to 5.7 and medium sterilization was performed in an autoclave at 121 °C, 1 atm, for 30 minutes. Transparent glass flasks (6 × 10 cm) with translucent covers were used, containing 50 mL of culture medium, distributed from 5 to 7 seeds per flask, totaling 30 flasks. For the monitoring of plant lignification, the containers were kept in a germination chamber at a photoperiod of 16 hours at 25 ± 1 °C and RH 62% over a 9 to 20 month period. For the anatomy study, three samples of the individuals per container were used.
Bright field and fluorescence microscopy
To evaluate anatomical structure and monitor the lignification process, cross-sections of the young stem were performed, from 1 st to 8 th internodes and of adventitious roots (2-17.5 cm from the root cap) of individuals aged between 9 and 20 months. The plants measured between 8 and 12 cm, had 5 to 8 internodes, bright green stems, slightly striated, rectilinear and twisted when the plant exceeded the container's capacity; opposite simple leaves, with stipules at the base. The analyzed root samples presented 14 to 17.5 cm in length having a diameter of approximately 1 mm. Generally, the roots were white in color, very thin and in some areas above the apical region showed a thickened part followed by a narrowing. With the development of the roots, there was winding across the container and a change in color to brown. Since the study was conducted in plants, as they had an advanced stage of development (from nine months of age), it was not possible to define the primary root.
Stems and roots were sectioned using a Ranvier microtome for the preparation of semi-permanent slides. The sections were clarified with 50% sodium hypochlorite, neutralized in 1% acetic water, washed in distilled water, and stained with a solution of 2% astra blue and 0.5% safranin diluted in water (Bukatsch, 1972) .
In the preparation of permanent slides, the stem and root sections were placed directly in 30% alcohol, following an alcoholic series and absolute alcohol, and embedded in Leica Historesin (Gerrits and Smid, 1983) . Cross-sections of 3 µm were obtained using a rotating microtome, which were then stained with 0.05% toluidine blue (O'Brien et al., 1981) .
Photomicrographs were recorded using an Olympus BX 51epifluorescence microscope, attached to a computer equipped with Cell Imaging, an image processing system.
Histochemical tests
For histochemical tests, cross-sections were obtained from fresh material using a Ranvier microtome. The purpose was to detect: starch using a Lugol iodine solution (Berlyn and Miksche, 1976) ; lignin using the Wiesner test (Lin and Dence, 1992) ; lignin type guaiacyl (brown color) and syringyl (red color) using the Maüle test (Lin and Dence, 1992) . The latter was modified to prevent cell rupture, using 50% diluted NH 4 OH for 15 seconds. The nature of calcium oxalate crystals was observed by dissolution with hydrochloric acid (Chamberlain, 1932) and by observation under polarized light. Lipidic substances were also observed using Sudan IV (Jensen, 1962) and phenolic substances using potassium dichromate (Gabe, 1968) .
Infrared spectroscopy (solid state)
Powdered samples of roots formerly extracted with ciclohexane, ethyl acetate and methanol (free of extractive) were grounded in the ball mill for 12 hours. These samples were then lyophilized (TERRONI -Model ENTERPRISE apparatus) for 12 hours. 2 mg samples were added to 200 mg of KBr. Infrared spectra were registered in a VARIAN 640-IR FT-IR spectrometer. The spectra were registered in the range of 700-4000 cm -1 , spectral resolution of 4 cm -1 , and 128-scan.
Infrared microscopy
Cross-sections of stems were taken from the Ranvier microtome and sections were placed between two glass slides (2 × 4 cm), frozen in liquid nitrogen, and then lyophilized (TERRONI-Model ENTERPRISE) for 12 hours. Once lyophilized, the cross-sections were placed on a KBr slide and the spectra recorded in an infrared VARIAN 640-IR FT-IR spectrometer equipped with a microscope. A liquid nitrogen-cooled Mercury Cadmium Telluride detector(MCT) was used and samples were run by diffuse reflectance, at a wave range of 700-4000 cm -1 , spectral resolution of 2 cm -1 , 128-scan and smoothing of 7 points. The spectra were registered from the epidermis to the vascular cylinder of stems and roots.
Results and Discussion
Lignification status of root
The adventitious root study of L. lactescens was performed in the distal and proximal regions (Figure 1a) . The root, in a cross section, 1-4 cm from the root tip (distal region), indicates the primary structure initially formed by the epidermis with high cells, soon expanding to constitute the root hairs (Figure 1b, c) . The cortex presents a layer of exodermis cells, well-developed and suberized at 3-4 cm from the apex. The parenchyma consists of seven layers of isodiametric cells, surrounded by small intercellular spaces which expand in volume in the proximal region from 12-17.5 cm and become lacuna (Figure 1d ). In this area, certain cells adjacent to the exodermis undergo periclinal and anticlinal divisions. Endodermis cells only present Casparian strips in the root's length (Figure 1e, f) . In the vascular cylinder, the pericycle is formed by a layer of parenchyma cells. The primary xylem varied the number of diarch, triarch and tetrarch poles (Figure 1c, e, g ). In most eudicotyledonous species, the number of xylem poles varies among specimens, or in different roots of the same plant (Esau, 2000; Fahn, 1985) . The number of protoxylem poles, according to Mauseth (1988) , can be related to the root's strength and diameter. Occasionally, the more robust a single root in an advanced development stage is, the higher the number of xylem poles. According to Dickison (2000) , this variation is influenced by the hormone levels found in the root tip.
The vascular cylinder is comprised of parenchyma cells, 3-4 cm from the apex, and completely lignified. Only in the proximal region are the xylem fibers lignified and thick, making them conspicuous (Figure 1h ). Metcalfe and Chalk (1950) already mentioned that this family demonstrated the presence of isolated or grouped calcium oxalate crystals and cells possessing tannins. In the distal region of L. lactescens, several idioblasts with phenolic compounds were observed in cortical cells (Figure 1i ). In plants, tannins are designed to protect against decay and injuries caused by microorganisms (Fahn, 1985) . However, despite the sterile environment, individuals still produced these compounds, indicating another physiological activity of the species.
Infrared spectra of roots showed lignin with guaiacyl/ syringyl composition. Donaldson (2001) also observed in angiosperms lignin contains a mixture of guaiacyl and syringyl units.
Lignification status of young stems
The cross-sections of the stems were extracted using ethanol and later analyzed by infrared microscopy. The spectrum emitted signals at 1636, 1507, 1336 and 1246 cm -1 , demonstrating the occurrence of G/S lignin, had a higher guaiacyl unit content (Lin and Dence, 1992) .
The signal at 1738 cm -1 is due to carbonyl stretching of esters/carboxylic acids, indicative of the presence of hemicelluloses in pre-extracted cells, as well as all internodes evaluated individually by infrared microscopy (Figure 3b ).
In the cylindrical and rectilinear stems (Figure 2a ) of specimens having normal development, from the 1 st to 3 rd internodes, in a cross-section, an uniseriate epidermis was observed, whose cells presented varied shapes and sizes and a convex external periclinal wall, covered with a thin cuticle (data not shown). The covering tissue presented unicellular tector trichomes and trichomes with two horizontal arms (dibrachial), suspended by a thick basal cell wall (Figure 2c, d ). Metcalfe and Chalk (1950) reported the presence of such trichomes in Malpighia urens L. The cortex, in the first internodes, presented 2-3 layers of angular collenchyma, 5-6 layers of parenchyma cells (Figure 2e) , and the starch sheath (data not shown).
Lignification of pericyclic fibers was observed in the vascular cylinder, sourced from the first internodes. The conductive elements formed collateral beams, interrupted by parenchyma cells, featuring a discontinuous cylinder (Figure 2f ). The phloem consists of small sieve-tube elements and their companion cells, and frequent presence of idioblasts with diverse contents. These mentioned features observed in L. lactescens corroborate with the descriptions made by Metcalfe and Chalk (1950) for various genera of the family.
Xylem, in the primary state of growth, presented radial fibers with 2-8 conducting elements. It was possible to monitor the lignification process of protoxylem and metaxylem elements using fluorescence microscopy. In L. lactescens, the lignin deposition began in cell corners, with a progressive deposit and completion in the secondary wall corroborating with Donaldson's account (2001) (Figure 2g) . From the 4 th and 5 th internodes, the presence of one to two layers of cambial cells in the vascular cylinder was observed (Figure 2h ). Concurrently, in the cortical region, there was a phellogen differentiation among the first sub epidermal layers by the thickening of the external periclinal wall, which extends to the anticlinal walls (Figure 2i ). The suberification process was confirmed by the positive reaction with Sudan IV (Figure 2j ). According to Metcalfe and Chalk (1950) , early onset of the emergence of peridermis cells having thin walls may present a significant thickening in the tangential wall and, to a lesser extent, the side walls, as observed in the studied species. Infrared spectra of the peridermis region demonstrated characteristic signals of phenolic compounds and their presence was confirmed by histochemical tests.
At the 7 th and 8 th internodes, the xylem elements were fully differentiated, occupying the entire vascular cylinder, the cortical region was reduced and the peridermis poorly developed. In the cross-section, the secondary xylem of L. lactescens presented: solitary vessel elements having a circular to polygonal outline; reasonably thick-walled fibers and reduced lumen; and a uniseriate radial parenchyma. The thick, lignified walls were observed when running the Wiesner test and fluorescence microscopy (Figure 3c, d) . The Maüle test confirmed the prevalence of syringyl lignin by the intense red color in cell walls. The syringyl lignin occurs predominantly in both fibers and ray cell walls while in the vessel walls there was a predominance of guaiacyl lignin (Musha and Goring, 1975) . The signals at 1635, 1507, 1455, 1336-1330 and 1246 cm -1 obtained by infrared microscopy corroborated with the previous results in determining lignin (Figure 3a, b) . The guaiacyl and syringyl lignin are questioned base on structural resistance as found in special tissue in trees, however in Lophanthera lactescens wood the original lignin compositions were characterized as guaiacyl/syringyl lignin, as well as in vitro (Abreu, 1997) .
Certain studied specimens, given their accelerated development, presented stem sprains at all levels, resulting in structural modifications. From the 2 nd internode, a formation of gelatinous fibers in phloem and xylem was observed, occupying half of the vascular cylinder. These cells showed walls having a thick inner layer (G-layer), consisting of α-cellulose with little to no lignin (Costa, 2006) . From the 3 rd to the 7 th internodes, using the Wiesner test, the Maüle test and fluorescence microscopy, these wall features could be observed. These results are consistent with the hypothesis that the distinguished traction of tissues possesses lignin with high syringyl content. It is compatible with the molecular resistance hypothesis. Syringyl lignin in mutant plants demonstrated a more progressive increase of elastic module than guaiacyl lignin (Koehler and Telewski, 2006) . The increase in cambial activity in the middle of the vascular cylinder and the occurrence of gelatinous fibers in the twisted stems of L. lactescens appeared to be a survival strategy in response to in vitro growth environment or hormone activity (Kwon, 2008) . However, Heimsch (apud Metcalfe and Chalk, 1950) cited the occurrence of gelatinous fibers in the wood of the Malpighiaceae species.
Conclusion
This study, the first of its kind concerning Lophanthera lactescens Ducke, proves that this specific species is a possible model in the study of lignification for woody plants, given the remarkable growth of secondary tissues in vitro. The infrared microscopy associated with fluorescence microscopy and the histochemical tests effectively identified lignin composition in the cell wall, proving that the lignification process in L. lactescens initiates in the cell corner and lignin contains high syringyl units of the secondary wall in the xylem of stems. Individuals under growth stress showed gelatinous fibers with a lack of lignin in the G-layer.
